
T h e  p r e s e n t  p a p e r  r e v i e w s  t h e  opern1: ion o f  a 0 . G  ton/d: iy  
PI-ocess d e v e l o p m e n t  u n i t :  (PDU) lor con t i inuous  1 i q i i e f : i c t i o n  o f  
l i g n i t e  a t  1500-2500 p s i g  and  700-950oF i n  a n  a t m o s p h e r e  01 
s y n t h e s i s  gas i n  t h e  p r e s e n c e  o f  a hydrogen  d o n o r  s o l v e n t .  
S o l v e n t  r e c o v e r y  a n d  s o l v e n t  r e c y c l e  c n p a b i l  i t i e s  are p r o v i d e d  
a s  well as p r o c e s s  gas c l e a n  u p  a n d  r e c y c l e .  A s h  i s  reiiioved 
by d i l u t i o n  of  vacuum f l a s h  b o t t o m s  w i t h  toluene Eo1 lowed by 
s e t t l i n g  t o  remove  a s h  a n d  u n r e a c t e d  1 i g n i t e .  The  d e a s h c d  
s o l v e n t  r e f i n e d  l i g n i t e  ( S R L )  i s  r e c o v e r e d  b y  d i s t i l l j . n g  t h e  
t o l u e n e  f o r  r e c y c l e  f r o m  t h e  e x t r a c t .  The  SRL,  a s o l i d  a t  
room t e m p e r a t u r e ,  is low i n  a s h ,  h a s  a r e d u c e d  s u l l u r  c o n t e n t ,  
a h i g h  c a l o r i f i c  va l .ue ,  and  wou ld  b e  e n v i r o n m e n t a l l y  a c c c p t a b l  e 
f o r  p a r t i c u l a t e  a n d  SO, e m i s s i o n s  upon c o m b u s t i o n .  

H y d r o g e n a t i n g  s u f f i c i e n t l y  t o  p r o d u c e  SRL a t  h i g h  c o n v e r s i o n  
c a n  b e  d o n e  i n  a n  a t m o s p h e r e  of s y n t h e s i s  gas b y  making  use of 
t h e  n a t u r a l  c a t a l y s t  a c t i v i t y  o f  t h e  l i g n i t e  w i t h o u t  t h e  use 
of v e r y  h i g h  p r e s s u r e s .  The  SRL i,s a s u p e r i o r  raw ma te r i a l  f o r  
a d d i t i o n a l  h y d r o g e n a t i o n  t o  l i q u i d s  f o r  f u e l s  o r  as a s o u r c e  o f  
0 r g a n i . c  c h e m i c a l s .  W h i l e  t h e  n a t u r a l  c a t a l y t i c  a c t i . v i t g  f a v o r s  
i n i t i a l  h y d r o g e n a t i o n  s o l u t i o n ,  i n c r e a s e d  h g d r o g e n a t  i o n  c a n  b e  
b e t t e r  a c c o m p l i s h e d  u s i n g  a s p e c i f i c  h y d r o g e n a t i o n  c a t a l y s t .  
Removal o f  a s h  c o n s t i t u e n t s  w h i c h  c o u l d  p o i s o n  t h e  h y d r o g e n a t i o n  
ca ta lys t  makes t h e  c o n c e p t  of two s t a g e  h y d r o g e n a t i o n  a t t r a c t i v e  
i n  t h a t  b o t h  s t e p s  c a n  be o p t i m i z e d  a n d  more e f f e c t i v e  o v e r a l l  
h y d r o g e n a t i o n  c a n  be a c h i e v e d .  

PROCESS DEVELOPE'IENT UNIT 

The P ro jec t  L i g n i t e  P r o c e s s  Development  U n i t  h a s  a nomina l  
d e s i g n  c a p a c i t y  o f  50  p o u n d s  o f  raw l i g n i t e  f e e d  p e r  h o u r  and  
p r o d u c e s  a p p r o x i m a t e l y  1 5  p o u n d s  p e r  h o u r  of s o l v e n t  r e f i n e d  
l i g n i t e  ( S R L )  w i t h  a m e l t i n g  p o i n t  o f  300-4000F as w e l l  as 
a d d i t i o n a l  q u a n t i t i e s  o f  l i g h t e r  l i q u i d s  a n d  g a s e s .  

P u l v e r i z e d  l i g n i t e  o f  f u l l  m o i s t u r e  c o n t e n t  i s  s l u r r i e d  
w i t h  s o l v e n t .  T h e  s l u r r y  is p r e s s u r i z e d ,  p r e h e a t e d  and  r e a c t e d  
a t  s e l . e c t e d  t e m p e r a t u r e  a n d  p r e s s u r e  i n  a r e d u c i n g  g a s  a t m o s p h e r e .  
The  p r o d u c t s  a re  t h e n  s e p a r a t e d  as. gases, l i q u i d s ,  a n d  S R L  f rom 
t h e  u n r e a c t e d  coal a n d  m i n e r a l  matter. A s i m p l i f i e d  b l o c k  
f l o w s h e e t  of t h e  p r o c e s s  i s  p r e s e n t e d  i n  F i g u r e  1. 

A s r e c e i v e d  l i g n i t e  i s  f i r s t  s p l i t  i n t o  r e p r e s e n t a t i v e  s a m p l e s  
u s i n g  a r a i l  car-s ize  s a m p l e  s p l i t t e r  a n d  s t o r e d  i n  n i t r o g e n -  
p u r g e d  b i n s  u n t i l  n e e d e d .  The  l i g n i t e  i s  c r u s h e d  a n d  p u l v e r i z e d  
t o  100 p e r c e n t  p a s s i n g  60 mesh a n d  90 p e r c e n t  p a s s i n g  200 mesh 
T y l e r  s c r e e n s .  A f t e r  p u l v e r i z a t i o n ,  t h e  1 i g n i t e  is s t o r e d  i i i  
5 5 - g a l l o n  d rums  p r i o r  t o  s l u r r y  p r e p a r a t i o n .  

The  p u l v e r i z e d  l i g n i t e  is b l e n d e d  i n  a s l u r r y  m i x i n g  t a n k  

I' 
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w i t h  r e c y c l e  l i q u e f a c t i o n  s o l v e n t .  For  s t a r t u p ,  a p e t r o l e u m -  
d e r i v e d  s o l v e n t  h a v i n g  a b o i l i n g  r a n g e  o f  212O t o  446OF a t  
1 . 6  mm Hg a b s o l u t e  i s  u s e d .  The s l u r r y  i s  c o n t i n u o u s l y  pumped 
t h r o u g h  a r e c i r c u l a t i n g  loop t o  m a i n t a i n  s u s p e n s i o n .  A s i d e  
stream is pumped t o  h i g h  p r e s s u r e ,  mixed w i t h  h y d r o g e n  a n d / o r  
c a r b o n  monoxide g a s ,  a n d  is h e a t e d  t o  r e a c t i o n  t e m p e r a t u r e  i n  an  
e l e c t r i c a l l y  h e a t e d ,  f l u i d i z e d - s o l i d s  p r e h e a t e r .  Most o p e r a t i o n s  
are i n  t h e  r a n g e  o f  70O0F t o  8500F a t  1500-2500 p s i .  Upon 
l e a v i n g  t h e  p r e h e a t e r  , t h e  m i x t u r e  e n t e r s  t h e  d i s s o l v e r s  ( R - 1 A  
a n d  R-lB) where  r e a c t i o n  t e m p e r a t u r e s  are  m a i n t a i n e d  a n d  s u f f i c i e n t  
r e s i d e n c e  time p r o v i d e d  f o r  s o l v a t i o n .  The  t w o  d i s s o l v e r s  c a n  b e  
u s e d  i n  series o r  s e p a r a t e l y .  O p e r a t i o n s  a r e  u s u a l l y  w i t h  a 
s i n g l e  d i s s o l v e r .  The u n d i s s o l v e d  m a t e r i a l  c o n s i s t s  of u n r e a c t e d  
l i g n i t e  a n d  i n o r g a n i c  m i n e r a l  m a t t e r .  Upon l e a v i n g  t h e  d i s s o l . v e r s ,  
t h e  n o n - c o n d e n s a b l e  g a s e s  a n d  l i g h t  h y d r o c a r b o n  v a p o r s  a r e  s e p a r a t e d  
f rom t h e  s l u r r y  i n  a se r ies  o f  f i v e  s e p a r a t i o n  v e s s e l s  i n  w h i c h  
p r e s s u r e  a n d  t e m p e r a t u r e  a r e  d e c r e a s e d  i n  s t a g e s .  

The PDU is d e s i g n e d  so t h a t  s o l v e n t  c a n  b e  r e c y c l e d  w i t h o u t  
o p e r a t i n g  t h e  s o l i d - l i q u i d  s e p a r a t i o n  a r e a .  I n  t h i s  mode o f  
o p e r a t i o n ,  t h e  s l u r r y  a f t e r  g a s  s e p a r a t i o n  a n d  p r e s s u r e  l e t d o w n  
i s  h e a t e d  t o  a p p r o x i m a t e l y  600°F i n  a Dowtherm p r e h e a t e r  f o l l o w e d  
by vacuum f l a s h  d i s t i l l a t i o n .  V o l a t i l e  l i q u i d s  a n d  s o l v e n t  a re  
s e p a r a t e d  from t h e  vacuum b o t t o m s  w h i c h  c o n t a i n  t h e  m i n e r a l  
r e s i d u e ,  u n d i s s o l v e d  l i g n i t e  and  s o l v e n t  r e f i n e d  l i g n i t e .  The 
o v e r h e a d  s t r e a m  is c o n d e n s e d ,  combined w i t h  a n o t h e r  l i g h t  l i q u i d  
stream from t h e  p r i m a r y  s e p a r a t o r s ,  and  f e d  t o  a s e c o n d  Dowtherm 
p r e h e a t e r  p r e c e d i n g  t h e  main  s o l v e n t  r e c o v e r y  f r a c t i o n a t o r s .  
I n  t h e  f r a c t i o n a t o r ,  l i g h t  e n d s ,  l i q u e f a c t i o n  s o l v e n t  and  h e a v y  
e n d s  a r e  s e p a r a t e d .  The  l i q u e f a c t i o n  s o l v e n t  is r e c y c l e d .  

The n o n - c o n d e n s a b l e  g a s e s  from t h e  p r i m a r y  h i g h  p r e s s u r e  
s e p a r a t o r s  a r e  c h a n n e l l e d  t h r o u g h  t h e  g a s  r e c o v e r y  a rea ;  c a r b o n  
d i o x i d e  a n d  hydrogen  s u l . f i d e  are removed,  and  a p o r t i o n  o f  t h e  
hydrogen  a n d  c a r b o n  monoxide  g a s  is r e c y c l e d .  

When t h e  s o l i d - l i q u i d  s e p a r a t i o n  s y s t e m  i s  i n  u s e ,  a n  i n i t i a l  
p a r t i a l  vacuum f l a s h  v e s s e l  (F-0)  is u s e d  t o  remove p a r t  of t h e  
l i q u e f a c t i o n  s o l v e n t  froin t h e  s e p a r a t o r  e f f l u e n t  . The b o t t o m s  
are  pumped t o  a m i x i n g - s u r g e  v e s s e l  and  mixed w i t h  t o l u e n e  
(2:l by v o l u m e ) .  The  m i x t u r e  is pumped t o  a g r a v i t y  s e t t l i n g  
tonier  ( V - 8 )  o p e r a t i n g  a b o v e  t h e  c r i t i c a l  p r e s s u r e  b u t  s l i g h t l y  
be low t h e  c r i t i c a l  t e m p e r n t u r e  o f  t o l u e n e .  A d d i t i o n a l  wash 
t o l u e n e  is f e d  c o u n t e r - c u r i ' e n t l y  t o  t h e  d i r e c t i o n  o f  s e t t l i n g .  
T h e  d i s s o l v e d  S R L ,  t h e  r e m a i n d e r  of t h e  l i q u e f a c t i o n  so1 .vent  a n d  
t o l u e n e  a r e  w i t h d r a w n  f rom t h e  t o p  o f  t h e  se t t le r  and p a s s e d  
i n t o  a vc?sse l  (17-9) i n  w h i c h  t h e  t o l u e n e  is removed by f l a s h  
d j s t i l l a t i o n .  The t o l u e n e  i s  r e c . y c l e d  and t h e  SRL p l u s  l i q u e f a c t i o n  
s o l v e n t  r e c o v e r e d .  The SRL s o l v e n t  s t r e a m  is p a s s e d  t h r o u g h  
Dowtherm p r e h e a t e r  E - l l  and  i n t o  t h e  vacuum f l a s h  drum F-1. 
The SRL is r e c o v e r e d  a s  t h e  b o t t o m s  froin t h i s  v e s s e l  a n d  t h e  
overhend l i q u e f a c t i o n  s o l v e n t  s t r e a m  is  combined  w i t h  t h e  p a r t i a l  
f l a s h  (F -0 )  o v e r h e a d  as f e e d  t o  t h e  l i g h t  e n d s  column ( F - 2 ) .  The 
F-2 b o t t o m s  are s e n t  b a c k  t o  t h e  s l u r r y  mix t a n k  as  r e c y c l e  s o l v e n t .  
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TYPICAL OPERATING CONDITIONS AND RESULTS 

D u r i n g  s t e a d y  o p e r a t i o n  o f  t h e  PDU, w h i c h  is n o r m a l l y  
o p e r a t e d  c o n t i n u o u s l y  €or a f i v e - d a y  week,  m a t e r i a l  b a l a n c e s  are  
made o v e r  y i e l d  p e r i o d s  of t w e l v e  h o u r s  d u r a t i o n .  F r e s h  c o n t a i n e r s  
are u s e d  f o r  t h e  p r o d u c t s  d u r i n g  a y i e l d  p e r i o d ,  and s a m p l e s  
a n d  o p e r a t i n g  da ta  a re  c o l l e c t e d  t h r o u g h o u t  t h e  p e r i o d .  

I n  t h e  f o l l o w i n g  d i s c u s s i o n s ,  material  b a l a n c e  a n d  y i e l d  
d a t a  a r e  p r e s e n t e d  f o r  Run P e r i o d  hl-17A, f l o w s  b e i n g  e x p r e s s e d  
i n  pounds  p e r  h o u r  a v e r a g e d  o v e r  t h e  t w e l v e  h o u r  y i e l d  p e r i o d .  
T e s t  c o n d i t i o n s  fo r  t h i s  r u n  are c l o s e  t o  t h e  optimum o b t a i n e d  
t h u s  f a r .  The s o l i d - l i q u i d  s e p a r a t i o n  u n i t  u s i n g  t o l u e n e  as 
d e a s h i n g  s o l v e n t  w a s  a l so  i n  o p e r a t i o n  d u r i n g  t h i s  r u n .  

O p e r a t i n g  r a t e s  a n d  s t r e a m  r a t i o s  are g i v e n  i n  T a b l e  1. 
L i g n i t e  a t  4 5  l b / h r  w a s  s l u r r i e d  w i t h  81 l b / h r  r e c y c l e  s o l v e n t  and  
mixed  w i t h  5 3 1  SCFII o f  f e e d  g a s  c o n t a i n i n g  7 6  p e r c e n t  h y d r o g e n  
a n d  24 p e r c e n t  c a r b o n  monoxide .  I n  t h e  s o l i d - l i q u i d  s e p a r a t i o n s  
area,  112 l b / h r  o f  t o l u e n e  w a s  u s e d  t o  e x t r a c t  p r o d u c t  SRL a n d  
l i q u e f a c t i o n  s o l v e n t  f r o m  u n c o n v e r t e d  s o l i d s .  

O p e r a t i n g  t e m p e r a t u r e s  a n d  p r e s s u r e s  f o r  v a r i o u s  p r o c e s s  
v e s s e l s ,  i d e n t i f i e d  a s  c o d e d  i n  t h e  f l o w  s h e e t  ( F i g u r e  l), are 
p r e s e n t e d  i n  T a b l e  2 .  O p e r a t i n g  p r e s s u r e  i n  p r e h e a t e r  and  
d i s s o l v e r  was  2500 p s i g ,  a n d  s l u r r y  l e f t  t h e  p r e h e a t e r  a t  747OF 
and  r e a c h e d  8020F i n  t h e  d i s s o l v e r .  T h e r e  is  u s u a l l y  a 50 t o  100°F 
t e m p e r a t u r e  r i s e  i n  t h e  d i s s o l v e r  due  t o  t h e  e x o t h e r m i c  o v e r a l l  
r e a c t i o n .  A s i n g l e  r e a c t o r  (R-1A) h a v i n g  a r e a c t i o n  volume of 
1 . 4 2  cu f t  w a s  u s e d .  I n  a s h  s e p a r a t i o n ,  t h e  t o l u e n e  s e t t l i n g  
tower was o p e r a t e d  a t  3780F a n d  300  p s i g ,  a n d  t h e  vacuum f l a s h  
u n i t  m a i n t a i n e d  a t  626'F a n d  15 T o r r .  

S o u r c e  a n d  c h a r a c t e r i s t i c s  of l i g n i t e ,  r e a c t i n g  g a s e s  a n d  
s t a r t i n g  s o l v e n t  a r e  g i v e n  i n  T a b l e  3 .  The l i g n i t e  was c h a r g e d  
a t  3 1 . 5  p e r c e n t  m o i s t u r e .  The as -mined  m o i s t u r e  was p r o b a b l y  
a r o u n d  37 p e r c e n t ,  a n d  t r a n s p o r t a t i o n ,  c r u s h i n g  and  h a n d l i n g  were 
d o n e  i n  s u c h  a way a s  t o  m i n i m i z e  m o i s t u r e  loss. F e e d  gas was 
s u p p l i e d  f rom t a n k  t ra i le rs  of p u r e h y d r o g e n  and  c a r b o n  monoxide  
a n d  mixed j u s t  b e f o r e  e n t e r i n g  t h e  c o m p r e s s o r .  The s t a r t u p  s o l v e n t  
w a s  Gul f  FS-120,  a p e t r o l e u m  d e r i v e d  c a t a l y t i c  c r a c k e r  r e c y c l e  
s t o c k .  Compar ison  of  i t s  b o i l i n g  r a n g e s  f r a c t i o n s  wit.h t h o s e  of 
recYcle s o l v e n t  d u r i n g  t h e  r u n  shows a t e n d e n c y  of t h e  s o l v e n t  t o  
l i g h t e n  on c o n t i n u e d  r e c y c l e .  

The gross i n p u t  a n d  o u t p u t  ma te r i a l  b a l a n c e s  are  shown i n  
F i g u r e  2 ,  i n  w h i c h  t h e  m a g n i t u d e  01 t h e  t w o  recycle streams a r e  
compared w i t h  t h e  c o a l  and gas p r o c e s s e d .  For e a c h  pound of 
i n p u t  l i g n i t e ,  0 . 2 6  l b  of s g n g a s ,  1 . 8  lb o f  l i q u e f a c t i o n  s o l v e n t  
a n d  2 . 5  l b  o f  t o l u e n e  d e a s h i n g  so1 .vent  were c i r c u l a t e d .  
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The n e t  material  b a l a n c e  b a s e d  on l i g n i t e  a n d  s y n g a s  Ped  
i.s shown i n  F i g u r e  3 .  I n  t h i s  r u n ,  per 1 0 0  p o u n d s  o f  AIAF l i g n i t e  
c h a r g e d ,  54 p o u n d s  of  SRL a n d  13 p o u n d s  of l i g h t  o r g a n i c  l i q u i d s  
were p r o d u c e d .  

T a b l e  4 g i v e s  n e t  y i e l d s  of p r o d u c t s  b o t h  i n  l b / h r  a n d  i n  
lb/100 p o u n d s  AlAF l i g n i t e .  T h e r e  is a n e t  c o n s u m p t i o n  of 5 . 9  
p e r c e n t  01 water, a n d  6 7 . 3  p e r c e n t  o f  t h e  hlAF l i g n i t e  is c o n v e r t e d  
t o  SRL and  l i g h t  o r g a n i c  l i q u i d s .  C o n v e r s i o n  was 8 9 . 4  p e r c e n t  
a l t h o u g h  c o n v e r s i o n s  as h i g h  as  95 p e r c e n t  h a v e  b e e n  o b t a i n e d  
i n  some r u n s .  

T a b l e  5 p r e s e n t s  gas amoun t s  i n  a n d  o u t  as volunle p e r c e n t  
g a s  c o m p o s i t i o n  a n d  as l b / h r .  Note  t h a t  38 p e r c e n t  o f  t h e  
e n t e r i n g  CO was consumed as compared  t o  o n l y  14 p e r c e n t  o f  t h e  
e n t e r i n g  h y d r o g e n ,  a n d  t h a t  0 . 6 7  moles  of C 0 2  a p p e a r  i n  t h e  
e x i t  g a s  p e r  mole o f  CO c h a r g e d ,  or 1 . 7 7  moles of C02 p e r  mole 
of CO consumed.  

Some of t h e  c h a r a c t e r i s t i c s  of t h e  p r o d u c t  SRI, a re  g i v e n  
i n  T a b l e  6 .  I n  Run 17-A, f l o w  r a t e s  were s a t i s f a c t o r y  i n  t h e  
s o l i d - l i q u i d  s e p a r a t i o n s  s y s t e m ,  b u t  problems w i t h  t h e  s o l i d s  
r e m o v a l  s y s t e m  i n  t h e  s e t t l i n g  t o w e r  V-8 p r e v e n t e d  r e m o v a l  of 
t h e  u n c o n v e r t e d  coal a n d  m i n e r a l  m a t t e r ,  wh ich  t h e r e f o r e  c a r r i e d  
over  t o  some e x t e n t  i n t o  t h e  SRL p r o d u c t .  T h u s  i n  T a b l e  G a c t u a l  
vacuum bot toms c o m p o s i t i o n  a n d  p r o p e r t i e s  a r e  shown, a l o n g  w i t h  
t h e  a n a l y s e s  t h a t  would  h a v e  b e e n  o b t a i n e d  h a d  t h e  s o l i d s  b e e n  
p r o p e r l y  removed.  

U l t i m a t e  a n a l y s i s  of l i g n i t e ,  s t a r t i n g  a n d  r e c y c l e  s o l v e n t , ,  
a n d  SRL p r o d u c t  are shown i n  T a b l e  7 .  The  c o a l - d e r i v e d  m a t e r i a l  
c o n t a i n s  a s u b s t a n t i a l  amount of o x y g e n ,  5 . 7  p e r c e n t  i n  t h e  S R L  
a n d  5 . 1  p e r c e n t  i n  t h e  r e c y c l e  s o l v e n t .  The s t a r t u p  s o l v e n t  h a s  
b u i l t  u p  f r o m  0 . 5  p e r c e n t  oxygen  t o  5 . 1  p e r c e n t  i n  t h e  r e c y c l e  
s o l v e n t ,  s h o w i n g  t h a t  compounds fo rmed  f rom t h e  coal h a v e  r e p l a c e d  
much of t h e  s t a r t i n g  s o l v e n t .  A l a rge  amount of t h i s  oxygen  i s  
p r e s e n t  as p h e n o l i c  compounds. 
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D a t a  f rom 18 r u n s ,  f r o m  the s e r i e s  of  r u n s  )I-I thi-ough 
M-23 t h a t  r e s u l t e d  i n  u s a b l e  yie1.d p e r i o d s ,  a r e  summar ized  j 11 
T a b l e s  8 ,  9 ,  a n d  10 .  C o r r e l a t i o n s  and  c u r v e s  d e v e l o p e d  f r o m  
t h e s e  d a t a  a r e  p r e s e n t e d  i n  F i g u r e s  4 t h r o u g h  11, u s i n g  s y m b o l s  
i d e n t i f i e d  i n  t h e  t ab l e s .  

The i n f l u e n c e  o f  maximum d i s s o l v e r  t e m p e r a t u r e  o n  y i e l d  
c h a r a c t e r i s t i c s  is p r e s e n t e d  i n  F i g u r e  4 a t  a 1 / 1  I I2 /CO r a t i o ,  2500 
p s i ,  and f o r  a l i m i t e d  r a n g e  o f  l i q u i d  h o u r l y  s p a c e  v e l o c i t i . e s  
a n d  s o l v e n t  t o  l i g n i t e  r a t i o s .  C o n v e r s i o n ,  a s  t o  b e  e x p e c t e d ,  
i n c r e a s e d  w i t h  i n c r e a s e d  t e m p e r n t . u r e .  However ,  y j . e ld  of l i . g h t  
o i l  p l u s  SRL d e c r e a s e d  s l i g h t l y  o v e r  t h e  t e m p e r a t u r e  r a n g e  
i n v e s t i g a t e d .  The  major  c h a n g e  was i n  i n c r e a s e d  p r o d u c t i o n  o f  
gases i n d i c a t i n g  a d d i t i o n a l  d e g r a d a t i o n  of t h e  l i g h t e r  f r a c t i o n s .  
L i t t l e  c h a n g e  was e v i d e n t  i n  u t i l i z a t i o n  of m o i s t u r e  b y  r e a c t i o n .  

The s l o p e s  of t h e  l i n e s  of F i g u r e  4 were u s e d  t o  e s t a b l i s h  
t e m p e r a t u r e  c o e f f i c i e n t s  w h i c h  were t h e n  u s e d  t o  a d j u s t  a l l  
y i e l d  d a t a  t o  t h e  same maximum d i s s o l v e r  t e m p e r a t u r e  of 826OP. 
T h e s e  a d j u s t e d  d a t a  a re  p l o t t e d  i n  F i g u r e  5 v e r s u s  l i q u i d  h o u r l y  
s p a c e  v e l o c i t y .  I n c r e a s e d  l i q u i d  s p a c e  v e l o c i t y  c o r r e s p o n d s  t o  
r e d u c e d  r e s i d e n c e  t i m e  o f  t h e  l i g n i t e - s o l v e n t  s l u r r y  i n  t h e  
d i s s o l v e r s .  C o n s e q u e n t l y ,  c o n v e r s i o n  i s  r e d u c e d ,  a l t h o u g h  o n l y  
s l i g h t l y ,  f o r  a b o u t  a 40 p e r c e n x  i n c r e a s e  i n  s p a c e  v e l o c i t y .  
Less d e g r a d a t i o n  o f  l i q u e f a c t i o n  p r o d u c t s  i s  i n d i c a t e d  by a n  
i n c r e a s e  i n  o i l  y i e l d s  a n d  a d e c r e a s e  i n  g a s e o u s  p r o d u c t s .  
Water c o n s u m p t i o n  was n e a r l y  c o n s t a n t  for t h e  c o n d i t i o n s  t e s t e d .  

The  d a t a  of F i g u r e  5 w e r e  i u r t h e r  a d j u s t e d  t o  a c o n s t a n t  
LHSV of 1 . 4 2 5 ,  t h e n  p l o t t e d  as a f u n c t i o n  of s o l v e n t / c o a l  r a t i o  
i n  F i g u r e  6 .  Y i e l d s  i n c r e a s e d  u n i f o r m l y  w i t h  i n c r e a s i n g  s o l v e n t /  
l i g n i t e  r a t i o  f r o m  1.6 t o  2 . 3 .  Consumpt ion  of mater as a 
" h y d r o g e n a t i o n "  s o u r c e  also i n c r e a s e d .  Over  t h e  r a n g e  of g a s  
c h a r g e  r a t e s  u s e d ,  t h e r e  a p p e a r e d  t o  b e  n o  s i g n i f i c a n t  e f f e c t  
of e i t h e r  g a s  r a t e  o r  gas t o  c o a l  r a t i o .  

S u f f i c i e n t  d a t a  h a v e  b e e n  a c c u m u l a t e d  a t  2500 p s i . g  and  a 
1/1 II2jCO r a t i o  t o  u t i l i z e  r e g r e s s i o n  a n a l y s i s  t o  0 b t a i . n  e q u a t i o n s  
r e l a t i n g  y i e l d s  t o  t h e  o p e r a t i n g  v a r i a b l e s  o f  masjmum reac to r  
t e m p e r a t u r e ,  l i q u i d  h o u r l y  s p a c e  v e l o c j . t y ,  a n d  so lven t /h iAF  l i g n i t e  
w e i g h t  r a t i o .  T h e s e  e q u a t i o n s  s h o u l d  b e  q u i t e  u s e f u l  i n  
v i s u a l i z a t i o n  o f  t h e  e f f e c t s  o f  p r o c e s s  v a r i a b l e s ,  a n d  are summarized 
on the  i o l l o w i n g  p a g e .  

I' 

I' 

I 
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P e r c e n t  N e t  Gas = 204.971X1 - 15.110X2 + 8.835X3 - 2 2 8 . 6 1 5  

P e r c e n t  Net O i l  = -26 .505Xl  - +8.450X2 + 8.272X3 + 7 1 . 7 5 0  

P e r c e n t  Net 1 1 ~ 0  = - 3 7 . 2 2 5 ~ ~  - - 4 . 4 6 1 ~ 2  - 9 . 7 2 4 ~ 3  + 6 3 . 6 1 7  

Temp. + 460 
1000 XI = T e m p e r a t u r e  V a r i a b l e ,  A 

XI = LIISV, H r - l  

X 3  = Solvent /MAF Coal Weight  R a t j ~ o  

S o l v e n t  r e c o v e r y  is c r i t i c a l  t o  t h e  l i q u e f a c t i o n  p r o c e s s .  
S u i t a b l e  s o l v e n t  m u s t  b e  g e n e r a t e d  f rom t h e  c o a l  s u b s t a n c e  dur i .ng  
l i q u e f a c t i o n  and  r e c o v e r e d  t o  r e p l a c e  l o s s e s .  I n f o r m a t  i o n  c o n c e r n i n g  
s o l v e n t  r e c o v e r y  is g i v e n  i n  F i g u r e  7 as a f u n c t i o n  o f  maximum ' 
d i s s o l v e r  t e m p e r a t u r e .  Shown i n  t h e  l o w e r  h a l f  o f  F i g u r e  7 i s  
t h e  t o t a l  s o l v e n t  a c c o u n t e d  f o r .  The line r e p r e s e n t  t h e  a v e r a g e  
of t h e  c a l c u l a t e d  t o t a l  s o l v e n t  p r o d u c t i o n  a t  2500 p s i g .  The 
t o t a l  i s  o v e r  100 p e r c e n t ,  i n d i c a t i n g  t h a t  a n e t  p r o d u c t i o n  of  
s o l v e n t  r a n g e  ma te r i a l  is p o s s i b l e .  However ,  t h e  e f f e c t i v e  s o l v e n t ,  
i . e . ,  t h a t  b o i l i n g  f rom a b o u t  550°F t o  850OF e q u i v a l e n t  t e m p e r a t u r e  
a t  a t m o s p h e r i c  p r e s s u r e ,  seeins  t o  r e a c h  a maximuin w i t h  a s l i g h t  
n e t  p r o d u c t i o n  a r o u n d  8200F maximum d i s s o l v e r  t e m p e r a t u r e ,  b u t  
f a l l s  be low 100 p e r c e n t  a t  t e m p e r a t u r e s  be low 8000F o r  a b o v e  8350F, 
as shown i n  t h e  u p p e r  h a l f  o f  F i g u r e  7 .  

The r u n s  made a t  l o w e r  p r e s s u r e s ,  e i . t h e r  1500 o r  2000 p s i g ,  
r e g a r d l e s s  of H2/CO r a t i o ,  resu1.t b o t h  i n  lower t o t a l  oil a n d  i n  
l o w e r  e f f e c t i v e  s o l v e n t  p r o d u c t i o n .  I n  a l l  cases t h e  y i e l d s  
were less t h a n  100 p e r c e n t  of t h e  s o l v e n t  c h a r g e d  w h i c h  j n d i c a t e s  
a n e t  s o l v e n t  c o n s u m p t i o n ,  p r o b a b l y  b e c a u s e  o f  h i g h e r  c o n v e r s i o n  
t o  g a s .  Wi th  o t h e r  r a t i o s  o f  H2/CO a t  2500 psig t h e  y i e l d s  were 
n o t  g r e a t l y  d i f f e r e n t  f r o m  t h o s e  w i t h  a 1 / 1  H2/CO r a t i o .  Wi th  
1 / 3  II2/CO r a t i o ,  t h e  e f f e c t i v e  s o l v e n t  r e c o v e r e d  was  a b o u t  t h e  
same as w i t h  1/1, t h o u g h  t h e  t o t a l  o i l  was s l i g h t l y  l e s s ,  b e c a u s e  
of  r e l a t i v e l y  less l i g h t  o i l s .  I \ ' i th  3 /1  H2/CO t h e  t o t a l  oil 
r e c o v e r y  was g r e a t e r  t h a n  w i t h  1/1, t h o u g h  t h e  e f f e c t i v e  s o l v e n t  
r e c o v e r y  was l e s s  b e c a u s e  of  i n c r e a s e d  p r o d u c t i o n  o f  l i g h t  o i 1 . s .  

The d a t a  f o r  r u n s  a t  3 / 1  H2/CO r a t i o ,  a d j u s t e d  t o  a c o n s t a n t  
d i s s o l v e r  t c m p e r a t u r e ,  LHSV and s o l v e n t  t o  c o a l  r a t i o  are p r e s e n t e d  
i n  F i g u r e  8 .  The p r e s s u r e  h a s  l i t t l e  e f f e c t  on g a s  y i e l d ,  b u t  
i n c r e a s i n g  p r e s s u r e  r e s u l t s  i n  i n c r e a s i n g  c o n v e r s i o n  a n d  e v c n  
more r a p i d l y  i n c r e a s i n g  o i l  y i e l d s .  A t  l o w e r  p r e s s u r e s  t h e r e  
is a n e t  make o f  w a t e r ,  b u t  a t  h i g h e r  p r e s s u r e s  water j.s consumed,  
t h e  c o n s u m p t i o n  i n c r e a s i n g  r a p i d l y  w i t h  p r e s s u r e .  T h i s  r e s u l t s  
i n  i n c r e a s i n g  yie16s of l i g h t  oi .1  and  S R L .  

p r e s e n t e d  i n  F i g u r e  9 .  A t  t1ij.s r a t i o  e f f e c t i v e  s o l v e n t  r e c o v e r y  
i s  less t h a n  1 0 0  p e r c e n t  e v e n  a t  2500 p s i g ,  t h o u g h  t h e  t o t a l  
o i l  r e c o v e r y  is o v e r  100 p e r c e n t  b e c a u s e  o f  t h e  r e l a t i v e l y  

The s o l v e n t r e c o v e r y  d a t a  f o r  t h e  3 /1  II2/CO r u n s  a re  
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h i g h e r  l i g h t  o i l  y i c l d  o b t a i n e d  a t  h i g h e r  hydrogen  c o n c e n t r a t i o n .  

The y i e l d s  r e s u l t i n g  f rom s e v c r a l  r u n s  made at. 2500 p s i g  
a n d  v a r y i n g  H z / C O  r a t i o  were a d j u s t e d  t o  c o n s t a n t  p a r a m e t e r  
v a l u e s  a s  i n d i c a t e d  i n  F i g u r e  1 0  and  p l o t t e d  a g a i n s t  m o l e  p e r c e n t  
hydrogen  i n  t h e  c h a r g e  g a s .  The d a t a  i n d i c a t e  an optimum a t  
a b o u t  50 t o  G O  p e r c e n t  h y d r o g e n .  O n e  r u n  innde v i t h  p u r e  1iydrop;en 
(M-20) r e s u l t e d  i n  r e l a t i v e l y  low c o n v e r s i o n  and  o i l  y i e l d .  
However, t h i . s  r u n  w a s  made a t  s u c h  a h i g h  t e m p e r a t u r e  t h a t  c o k i n g  
a n d / o r  r e p o l y m e r i z a t i o n  may h a v e  s i g n i f i c a n t l y  a f f e c t e d  t h e  
r e s u l t s .  

S o l v e n t  r e c o v e r y  d a t a  a r e  s i m i l a r l y  p l o t t e d  v e r s u s  m o l e  
p e r c e n t  hydrogen  i n  F i g u r e  11. The  optimum a l s o  a p p e a r s  t o  b e  
near G O  p e r c e n t  h y d r o g e n .  

' I heuse  of l i g n i t e  c o n t a i n i n g  i t s  n a t u r a l  i n o i s t u r e  ( a b o u t  
30 w e i g h t  p e r c e n t  as c h a r g e d  t o  t h e  PDU) and s y n t h e s i s  g a s  
c o n t a i n i n g  c a r b o n  monoxide  r e s u l t s  i n  s u b s t a n t i a l  p r o d u c t i o n  o f  
ca rbon  d i o x i d e .  The  p r o d u c t  g a s  also c o n t a i n s  l i g h t  h y d r o c a r b o n s  
r e s u l t i n g  f rom t h e  b reakdown o f  t h e  c o a l  s u b s t a n c e  a n d  o f  t h e  
s o l v e n t .  The y i e l d s  of c a r b o n  d i o x i d e  and  o f  C l  to C 3  h y d r o c a r b o n s  
seem t o  b e  e s s e n t i a l l y  l i n e a r  € u n c t i o n s  o f  maximum d j . s s o l v e r  
t e m p e r a t u r e  f o r  t h e  2500 p s i g  1/1 H2/CO o p e r a t i o n s .  V a r i a b l e s  
o t h e r  t h a n  t e m p e r a t u r e  seem t o  h a v e  l i t t l e  e f f e c t .  The  y i e l d s  of 
C 1  t o  C3 h y d r o c a r b o n s  r a n g e  f rom a l m o s t  zero a t  76OoF t o  a b o u t  
12 w e i g h t  p e r c e n t  of t h e  h i A F  l i g n i t e  a t  S80@F, w h i l e  C02 y i e l d s  
r a n g e  f r o m  a b o u t  1 2  w e i g h t  p e r c e n t  of t h e  MAF l i g n i t e  t o  6 5  p e r c e n t  
over  t h e  same t e m p e r a t u r e  i n t e r v a l .  Lower p r e s s u r e s  and 3 / 1  o r  
1/3 H2/CO r a t i o s  h a v e  l i t t l e  e f f e c t  on  C1 t o  C3 h y d r o c a r b o n  y i e l d s .  
A t  t h e  h i g h e r  t e m p e r a t u r e s  d e c r e a s i n g  t h e  amount of CO d e c r e a s e s  
C02 y i e l d s ,  whi l e  i n c r e a s i n g  CO increases  C02 y i e l d s .  One r u n  
made w i t h  p u r e  h y d r o g e n  r e s u l t e d  i n  a v e r y  low C02 y i e l d  and  a 
h i g h  g a s  y i e l d ,  b u t  a g a i n  t h i s  was  a t  s u c h  a h i g h  t e m p e r a t u r e  
l e v e l  t h a t  o t h e r  e f f e c t s  may a l s o  h a v e  become s i g n i f i c a n . t .  

I t  now a p p e a r s  t h a t  f o r  t h i s  p a r t i c u l a r  r e a c t o r  c o n f i g u r a t i o n  
a n d  l i m i t a t i o n s ,  optimum r e s u l t s  w i l l  b e  o b t a i n e d  a t  2500 p s i g  
w i t h  50 t o  60 p e r c e n t  hydrogen  i n  t h e  c h a r g e  g a s  u s i n g  o n e  r e a c t o r  
c o r r e s p o n d i n g  t o  a l i q u i d  ( s l u r r y )  h o u r l y  s p a c e  v e l o c i t y  o f  a b o u t  
1 . 4 .  The  e f f e c t s  of s o l v e n t / c o a l  r a t i o  h a v e  n o t  becsn e v a l u a t e d  
c o m p l e t e l y ,  b u t  it a p p e a r s  t h a t  t h e  lower t h e  ~ r a t j o  t h e  b e t t e r  
t h e  s o l v e n t  r e c o v e r y ,  which  means t h a t  t h e  t h i c k e s t  s l u r r y  t h a t  
c a n  b e  h a n d l e d  s h o u l d  b e  c h a r g e d .  
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The P r o j e c t  L i g n j . t e  work h a s  b e e n  e x t e n d e d  foi-  a n  a d d i t i o n a l .  
y e a r  t o  c o n t i n u e  t h e  d e v e l o p m e n t  of t h e  p r o c e s s .  The e f f o r t  w i l l  
b e  c o n c e n t r a t e d  on  p r o v i n g  t h e  o p e r a b i l i t y  o f  t h e  u n i t  i n  r u n s  o f  
l o n g e r  d u r a t i o n  a n d  i n  e v a l u a t i n g  t h e  s o l i d - l i q u i d  s e p a r a t i o n s  
s y s t e m .  

A series of  t h r e e  one-month l o n g  r u n s  is p l a n n e d  o v e r  a 
6-months p e r i o d  t o  e s t a b l i s h  t h e  e f f e c t s  o f  c o n t i n u i n g  t o  r e c y c l e  
t h e  l i g n i t e - d e r i v e d  p r o c e s s  s o l v e n t  and  d e m o n s t r a t e  t h e  s e l f -  
s u f f i c i e n c y  o f  t h e  p r o c e s s  w i t h  r e s p e c t  t o  l i q u e f a c t i o n  s o l v e n t .  
The g a s  c l e a n u p  a n d  r e c y c l e  s e c t i o n  w i l l  b e  o p e r a t e d  o n  at  l e a s t  
o n e  e x t e n d e d  r u n  t o  d e t e r m i n e  makeup g a s  r e q u i r e m e n t s  a n d  t h e  
e f fec t  o f  a n y  i m p u r i t i e s  r e m a i n i n g  i n  t h e  r e c y c l e  g a s .  The 
s o l i d - l i q u i d  s e p a r a t i o n s  s y s t e m  w i l l  b e  o p e r a t e d  i n t e g r a l l y  w i t h  
t h e  PDU t o  p r o d u c e  c l e a n  SRL. 

A s  a p a r t  o f  t h i s  p r o g r a m ,  p r e s t r e s s e d  t e s t  c o u p o n s  w i l l  
b e  p l a c e d  i n  p r o c e s s  streams t o  d e t e r m i n e  t h e i r  s u s c e p t i b i l i t y  
t o  c o r r o s i o n  i n  t h e  p r o c e s s  e n v i r o n m e n t .  An a t t e m p t  w i l l  a l s o  
b e  made t o  s t u d y  t h e  b u i l d u p  of s o l i d s  i n  t h e  d i s s o l v e r ,  a 
problem t h a t  h a s  s e r i o u s  i m p l i c a t i o n s  f o r  l o n g - t e r m  s t e a d y  
o p e r a t i o n  o f  t h e  PDU. The ra te  o f  b u i l d u p  and c o m p o s i t i o n  w i l l  
b e  d e t e r m i n e d  a n d  means of a l l e v i a t i n g  t h e  p r o b l e m  w i l l  b e  
c o n s i d e r e d .  

The l o n g  r u n s  s h o u l d  a l s o  p r o v i d e  a means of p r o d u c i n g  s u b -  
s t a n t i a l  amounts  of c l e a n  SRL f o r  e v a l u a t i o n  by o t h e r  ERDA c o n t r a c t s  
f o r  v a r i o u s  e n d  u s e s .  

A l o n g e r  r a n g e  g o a l  of t h e  i n v e s t i g a t i o n ,  n o t  i n c l u d e d  i n  
t h e  c u r r e n t  e x t e n s i o n ,  is t h e  h y d r o t r e a t j n g  of SRL t o  h y d r o c a r b o n  
l i q u i d s .  T h i s  h a s  b e e n  c a r r i e d  o u t  i n  t h e  l a b o r a t o r y  b u t  removed 
f rom t h e  PDU p r o g r a m .  C e r t a i n  o t h e r  p r o g r a m s  s h o u l d  a l s o  b e  
c a r r i e d  o u t  i n c l u d i n g  m o d i f i e d  d i s s o l v e r  d e s i g n ,  h y d r o t r e a t i n g  o f  
r e c y c l e  s o l v e n t ,  a n d  t e s t i n g  of o t h e r  coals  i n  t h e  p r o c e s s .  I n  
g e n e r a l ,  t h e  PDU is a u s e f u l  d e v e l o p m e n t a l  t o o l  t h a t  c o u l d  t e s t  
many i n n o v a t i o n s  i n  p r o c e s s  t e c h n o l o g y  i n  t h e  u p g r a d i n g  o f  l i g n i t e .  
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TABLE 1’- O P E R A T I N G  1IATI’:S AND R A T I O S  

L i g n i t e  (31. 5% h l o i s t u r e )  4 4 . 7 5  l b / h r  
Gas (24% CO, 7G5 H2) 1 1 . 5 4  I b / h r  

L i q u e f a c t i o n  Sol v e n t  81 .3  l b / h r  
D e a s h i n g  S o l v e n t  (To1.uene) 111.. 0 I b / h r  
Rat j -os  a n d  S p a c e  Ve loc i t i e s  

S l u r r y  r a t e ,  LHSV 1 . 3 4  h r - 1  

S o l v e n t / c o n l  r n t i . 0  1 . 8 2  
T o l u e n e / s l u r r y  r a t i o  3 .  G ( a p p r o x .  ) 

531 SCFH 

G a s  R a t e  ( i n  SCF) 374  hr-1 

TABLE 2 - O P E R A T I N G  TE61PERATURES AND PRESSURES 

D i s s o l v e r  P r e h e a t e r  E - 1  I n l e t  

D i s s o l v e r  R - 1 A  f rom Bottom 3 f t  
7 f t  

11 f t  
1 5  f t  

O u t  1 et 

S e p a r a t o r s  S-1 
s -2  
s - 3  
S-4A 

TeinpOF 
2S9 
747 
752 
779 
793 
802  
574 

76  
479 

7 8  

P a r t i a l  Flasl i  F-0 O v e r h e a d  471  
Bo t  toms 340 

Vacuum F l a s h  F-1 Vapor 554 
Upper  IVa 1 1 626 

S o l i d s - L i q u i d s  S e t t l i n g  Tower V - 8  378 
T o l u e n e  Recovery  Tower V-9 444 
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P r e s s u r e ,  
2500 
2500 
2500 
2500 
2500 
2500 
2500 
2500 

2 50 
60 

1 5  T o r r  
15 T o r r  
1 5  T o r r  
15 T o r r  

300 p s i g  
2 p s i g  



TABLE 3 - FEED MATERIALk 

L i g n i t e  
Nor th  Amer ican  Coa l  Co. ,  Zap,  N.D. 
S c r e e n  s i ze  90%-200 mesh, 100%-60 mesh 
M o i s t u r e .  3 1 . 5 %  
U l t i m a t e  A n a l y s i s  (% I t )  

C 4 6 . 2 1  
H 6 . 4 2  
N 0 . 6 6  
S 0 . 4 4  
0 ( d i f f )  4 0 . 5 4  
Ash 5 . 7 3  

Feed Gas ( m i x e d  f r o m  t a n k  t r a i l e r s )  
% V O l .  % Wt. 

co 2 4 . 0  8 1 . 4  
H2 7 6 . 0  1 8 . 6  

S t a r t u p  l i q u e f a c t i o n  s o l v e n t  
Gulf O i l  Co. FS-120 c a t .  c r a c k e r  r e c y c l e  s t o c k  
B o i l i n g  r a n g e  ( 1 . 6  Torr) FS-120 R e c  y c 1 e 

S t a r t u p  S o l v e n t  
0 -1oooc  5 . 0 %  3 0 . 0 %  

100-230°C 8 3 . 6  5 7 . 7  
230-255OC 1 1 . 4  11.8 

S p e c i f i c  G r a v i t y  1 . 0 4 3  0 . 9 8 8  

I 

I 

t 

I 
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TABLE 4 - NET YIELD OF PRODUCTS 

l b / h r  l b / 1 0 0  l b  M A F  L i g n i t e  
Gas 7 . 8 7  2 8 . 0  
L i g h t  O i l  (0-1OOOC a t  1 . 6  T o r r )  1 . 4 2  5 . 1  
L i q u e f a c t i o n  S o l v e n t  ( 100-230°c 1 . 7 1  

Heavy O i l  (230°-2550C a t  1 . 6  0 . 5 6  

SRL 1 5 . 2 1  
U n r e a c t e d  L i g n i t e  2 . 9 9  
Water Consumed 1 . 6 7  

a t  1 . 6  T o r r )  

T o r r )  

6 . 1  

2 . 0  

5 4 . 1  
1 0 . 2  

5 . 9  

TABLE 5 - GAS MATERIAL BALANCE FOR GAS COIilPONENTS 

H2 co 
Vol 4% I n  Vol $ Out l b / h r  I n  l b / h r  O u t  

7 6 . 2  6 6 . 2  2 . 1 5  1 . 8 4  
2 3 . 8  1 4 . 7  9 . 3 9  5 . 7 0  

1 3 . 8  - 9 . 9 3  
- 0.1  - 0 . 1 3  
- 3 . 8  - 0 . 9 3  

1 . 0  - 0 . 5 2  
- 0 . 2  - 0 . 2 2  
- 0 . 0 3  - 0 . 0 4  

- 

- 

TABLE 6 - ANALYSIS OF PRODUCT SRL 

B o i l i n g  Range F r a c t i o n ,  w t  % 

SRL 
Unconver t ed  C o a l ,  w t  S 
Ash, w t  % 
G r a d i e n t  Ba r  M e l t i n g  P o i n t  O F  
P y r i d i n e  S o l u b l e s ,  w t $  a s h - f r e e  
S p e c i f i c  G r a v i t y  
Heat o f  Combus t ion ,  B t u / l b  

255OC ( 1 . 6  T o r r )  

F-1 Vacuum 
Bot toms  

(me a P iir ed ) 

0 
7 7 . 2 2  
1 5 . 3 0  

7 . 4 8  
3270 

8 3 . 5  
1 . 2 8  

1 4 , 3 3 0  

C 
H 
N 
S 

Ash 
O* 

SEL 
( c a  l e u  1 a t e d  ) 

0 

0 
0 

100 
1 . 2 5  

1 5 , 9 9 0  

1 0 0 . 0  

- 

TABLE 7 - ULTIMATE ANALYSIS OF MATERIALS 

L i c n i t e  S t a r t i n g  R e c y c l e  Vacuum Deashed  
Charged  Solvent -  S o l v e n t  Bo t toms  SRL -- 

4 6 . 2 1  8 9 . 0 5  8 3 . 5 6  80.09 8 6 . 5 6  
6 . 4 2  8 .12  9 . 8 4  5 . 2 6  5 . 6 9  
0 . 6 6  0 . 1 4  0 . 2 1  0 . 9 5  1 . 0 3  
0 . 4 4  2 . 1 9  1 . 2 7  0 . 9 4  1 . 0 2  

4 0 . 5 4  0 . 5 0  5 . 1 2  5 . 2 8  5 . 7 0  
5 . 7 3  0 0 7 . 4 8  0 

*By d i f f e r e n c e  
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